According to actual working conditions, the heat transformation process of a square-hole honeycomb regenerator was analyzed using a thermo-solid coupling method. The distribution of the temperature field was analyzed first and then, based on the Mohr strength theory, the fracture position of the regenerator was analyzed. It was found that the temperature of the regenerator increased in a wave pattern with increased cycle time. The maximum temperature difference in its steady state was about 240 . The variation of the temperature gradient on different parts of the regenerator revealed the same trend with cycle times. The temperature gradient of each node reached the highest at the end of the endothermic period and the beginning of the exothermic period. It was theorized that the position on the center hole with a high temperature gradient would be destroyed first.
INTRODUCTION
Ceramic honeycomb regenerator was the core components of VAM (ventilation air methane) heat reflux oxidation technology. Ventilation air methane and high-temperature gas flow alternately through a regenerator intermittently. Heat energy of the high temperature gas is passed to the VAM through the regenerator [1, 2] . Only when the regenerator works steadily can the VAM oxidation device recycle energy efficiency. However, under the periodic and frequent action of various temperatures, regenerators can succumb to a series of problems, such as misalignment, collapse, and broken holes [3] . A regenerator's that doesn't work perfectly reduces the heat recovery efficiency of the system, and also hinders the further development of VAM heat reflux oxidation technology. By means of the numerical simulation method, the fracture regularity of a regenerator in the heat transfer process was studied in this paper. This research provides theoretical reference value for the design and reliability evaluation of regenerator.
THE FINITE ELEMENT MODEL 2.1 Modeling
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The oxidation bed was composed of a regenerator with different hole patterns in different positions. The results of the numerical simulation showed that the thermal stress was high at both the inlet and the outlet [4] . And usually, regenerators with square holes were used in this position. Therefore a squarehole regenerator was used as the research object. Considering the complicated heat transfer process of regenerators the following assumptions were made: 1) The hot gas (800 0 C) and coal mine methane (30 0 C) flowed to the regenerator alternately from the same entry. The initial temperature of the regenerator was 30 , and the commutation cycle was 60s. 2) As a result of the geometric symmetry of the model, only a small piece of the regenerator (3*3 holes) was used as the analysis object. The size of the square was 5mm*5mm, the size of the hole wall was 3mm, and the length of the regenerator was 1mm. A model of the regenerator is shown in Fig. 1. 3)The flue gas was replaced with ideal gas . The gas flowed in the channel in a full development stage. Only the convection heat transfer was considered in this study.
Physical parameters FRACTURE ANALYSIS OF A SQUARE-HOLE MULLITE CERAMIC REGEN-ERATOR
A mullite ceramic regenerator was used in the numerical simulation, the physical parameters of which are listed in table 1 [5] . It was found that the thermal conductivity of the mullite honeycomb regenerator was anisotropic [6] . The thermal conductivity of the mullite honeycomb regenerator in different directions is shown in Table  2 , and the direction are shown in Fig. 2 
TEMPERATURE FIELD SIMULATION OF REGENERATOR 3.1 Theory of heat transfer
The heat transfer in the regenerator was controlled by the following equation:
Where ρ is the density, C is the specific heat, λ i is the thermal conductivity, i=x, y, z is the three directions of the cartesian coordinate system.
Boundary conditions and initial conditions
Only heat convection was considered in the process of heat transfer. The Robin condition was applied in the thermal analysis. The heat convection boundary condition was as shown in the following equation:
Where h is the convective heat-transfer coefficient, n is the outer normal, T f is the temperature of the fluid, T w is the temperature of regenerator. 
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Where h is the convective heat-transfer coefficient, n is the outer normal, f T is the temperature of the fluid, w T is the temperature of regenerator.
According to heat transfer theory, the convective heat-transfer coefficient between the regenerator and gas was calculated as follows [7] : 
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According to heat transfer theory, the convective heat-transfer coefficient between the regenerator and gas was calculated as follows [7] :
Where h is the convective heat-transfer coefficient, W/m . k; d c is the equivalent diameter, ; is the thermal conductivity of fluid, . Calculated by Equation ( Fig. 3 shows the temperature variation of the regenerator with cycle times. It can be seen that with the increase of cycle times, the temperature of the regenerator increased in a wave pattern and then finally reached a steady state. The temperature difference in the steady state was about 240 o C.
THE RESULT OF THERMAL ANALYSIS 4.1 Analysis of temperature field
Analysis of the temperature gradient
To illustrate study the temperature gradient variation of the regenerator in the steady process of heat transfer, the temperature gradient at different nodes (randomly selected) is presented in Fig. 4 .
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ANALYSIS OF THERMAL STRESS 5.1 Theory of thermal stress
When the deformation caused by temperature is constrained, thermal stress will occurs. The theory expression of thermal stress is as follows:
Where α is the thermal expansion coefficient, E is the modulus of elasticity, Τ 0 is the initial temperature, and Τ is the transient temperature.
Boundary conditions
According to the actual boundary condition of the model, the normal displacement of all surfaces except the hole walls were constrained.
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Where is the thermal expansion coefficient, E is the modulus of elasticity, 0 T is the initial temperature, and T is the transient temperature.
Boundary conditions
Fracture analysis of the regenerator
For the convenience of analysis, some special nodes and positions on the regenerator were labeled. According to the symmetry of the regenerator, each hole of the honeycomb regenerator was composed of Structure 1 (hole wall) and Structure 2, as is shown in Figure 6 
For the convenience of analysis, some special nodes and positions on the regenerator were labeled. According to the symmetry of the regenerator, each hole of the honeycomb regenerator was composed of Structure 1 (hole wall) and Structure 2, as is shown in Fig. 6 f materials is not only related to its properties but also related to its stress state [8] . In the process of heat transfer, on the regenerator had different stress states. The stress states of Position 1 and Position 2 were studied. 
Analysis of the stress state
The destruction of materials is not only related to its properties but also related to its stress state [8] . In the process of heat transfer, different positions on the regenerator had different stress states. The stress states of Position 1 and Position 2 were studied.
1-st principal stress 2-nd principal stress 3-rd principal stress (a) Time at the beginning of temperature decrease stage 1-st principal stress 2-nd principal stress 3-rd principal stress
The destruction of materials is not only related to its properties but also related to its stress state [8] .
In the process of heat transfer, different positions on the regenerator had different stress states. The stress states of Position 1 and Position 2 were studied. Fig. 7 shows the contour of the principal stresses at the end of the temperature increase stage and the end of temperature decrease stage. It can be clearly seen that all the principal stress at Position 2 was negative and had a similar value whether it was at the end of the temperature increase stage or the end of the temperaturedecrease stage. To illustrate the stress states of Position 1 and Position 2 in a cycle, the principal stresses of Node 200, 206, 544(on Position 1) and Node 635 (on Position 2) are given in Fig. 8 .
It can be seen that the three principle stresses of Node 635 had a similar value throughout the entire cycle. On Nodes 200, 206, and 544, the first principal stress fluctuated at 0, and the other two principal stresses were negative. From the analysis above, it could be concluded that Position 2 was compressed in three directions with a similar value while Position 1 was mainly compressed from two directions. According to the theory of mechanics of materials, materials compressed under a three-dimensional stress state It can be seen that the three principle stresses of Node 635 had a similar value throughout the entire cycle. On Nodes 200, 206, and 544, the first principal stress fluctuated at 0, and the other two principal stresses were negative. From the analysis above, it could be concluded that Position 2 was compressed in three directions with a similar value while Position 1 was mainly compressed from two directions. According to the theory of mechanics of materials, materials compressed under a three-dimensional stress state are difficult to fracture. Therefore Position 1 would be more easily damaged than Position 2.
The determination of fracture failure point
The allowable compressive stress of mullite ceramics is different (the compressive strength is 100 MPa, and the tensile strength is 25 MPa). To acquire this information, the Mohr strength theory is suitable for checking a regenerator's strength.
Thermal stress is an interactive result between a temperature field and structure. Therefore, not only were nodes with higher temperature gradients considered, but also nodes with stress concentration. The thermal stress of the following nodes were analyzed: the maximize temperature gradient node (279); nodes on hole walls with higher temperature gradient (145, 146, 206, 205, 543, and 544); nodes which are difficult to fracture. Therefore Position 1 would be more easily damaged than Position 2.
6.THE DETERMINATION OF FRACTURE FAILURE POINT
The allowable compressive stress of mullite ceramics is different (the compressive strength is 100 MPa, and the tensile strength is 25 MPa). To acquire this information, the Mohr strength theory is suitable for checking a regenerator's strength. Thermal stress is an interactive result between a temperature field and structure. Therefore, not only were nodes with higher temperature gradients considered, but also nodes with stress concentration. The thermal stress of the following nodes were analyzed: the maximize temperature gradient node (279); nodes on hole walls with higher temperature gradient (145, 146, 206, 205, 543, and 544); nodes which may have stress concentration (130, 200, and 110). Fig. 9 shows the variations of Moore equivalent stress on different nodes. It can be seen that Node 205 have a highest stress at 22.4MPa. Therefore, Node 205 would be destroyed first. According to symmetry, other vulnerable points on the regenerator are shown in Fig. 10 . 
CONCLUSIONS
1) The temperature of the regenerator increased in a wave pattern with the increase of cycle time, and the maximum temperature difference at the steady state was about 240 .
2) The temperature gradient in different parts of the regenerator shared a similar variation trend with the cycle time. The temperature gradient of each node reached the highest at the end of the endothermic period and the beginning of the exothermic period.
3) The position on the center hole with a higher temperature gradient would most likely be destroyed first. 
Conclusions
1) The temperature of the regenerator increased in a wave pattern with the increase of cycle time, and the maximum temperature difference at the steady state was about 240°C .
3) The position on the center hole with a higher temperature gradient would most likely be destroyed first.
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